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Abstract; To predict the influences of environmental change on the composition of communities, it is indispensable to also
understand the regional drivers underlying the structuring of these communities. The goal of this study was to investigate the
natural vegetation in the Lhasa River Basin of Qinghai—Tibet Plateau, and TWINSPAN and Canonical Correspondence
Analysis (CCA) were used to explore the relationship between the community composition and the dominant environmental
factors. The TWINSPAN quantitative classification divides the vegetation surveyed into 12 formation types. The 12 formation
types include several vegetation types, including alpine shrub meadows, alpine shrubs, sparse grassland, alpine meadows,
and alpine grasslands. The environmental factors explained a total of 20.4% of the community distribution variation, in
which the average annual temperature of climatic factors, the altitude, and the latitude of spatial factors had a larger
interpretation rate for the community distribution variation than did the topographic factors, such as slope and slope position.

However , the average annual rainfall had no prominent impact on the change in community composition. The comprehensive
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analysis of spatial variation in the vegetation community could help us to understand the relationships between community

formation and environmental factors.

Key Words: Lhasa River Basin; quantitative classification; ordination; plant community; vegetation—

environment relationship
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M), B RE VA 8 1 8 S AR R AR i el , PRk, P 5% T it Sl A b 3 i i 2 R iy — S8R 2 T 5
SUBEIX BEK EEAETAE 6—9 4y AEFE/K i 300—500 mm , P-4 H JREF 4 3065 h, KUK HARRZEEF ], KR
ZTNEAER 11 A BIRAERY 4 H o HERSS RN FERE AT 5L | 5y FEHE AR |y FERT J A R S ) o O
AT AR R R R+ R

0 P 030 R 240, 3058 ) 50 45 00 75 A FUA R BT Sabina. sibetica) . F1HE ( Betula
platyphylla) %5 JUFR , JENBS T LLFE 5% /NBE ( Berberis hemsleyana ) 5 Y48 ( Sibiraea laevigata) 4> 5% H5 ( Potentilla
fruticosa) #5X% )L ( Caragana Spp. ) FIFEHS ( Rhododendron Spp.) %5 Ry WA, A8k PN 48 HHB 43 + i AR 70 A
H A SRR, VA LS 5 ( Kobresia pygmaea) V5 AEEF S (Stipa purpurea) |75 ik 22 55 ( Carex moorcroftii ) 3%
KGYHE( Leontopodium nanum) 55 NPLHEFVHE , B35 EETE 15%—80% 2 4],

E1 #RRBREAEERSH

Fig.1 Study area and distribution of sampling sites
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www.nmic.gov.cn ) Z24F WLINEE 4 B0l R A Kriging {824 B
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Fig.2 Dendrogram illustrating the presence of twelve vegetation groups using TWINSPAN analysis of 88 sample plots in the study area
E fCRIFHEE, D ARG, B R AL

I Gk 25+ PR 2 AL BE R (Form. Syncalathium orbiculariforme + Delphinium tangkulaense) , fF/
PR E G (Saussurea gossypiphora) , R ( Festuca coelestis) , 82155 K ( Rhodiola smithii) %5 . BV 7340 X,
SR AT RS 5434—5520 m, AR5 N B, B3, B 16—25° 1 g o5 JRL R s X, AR M Y AR
YRR B , P44 5 8.5%—10.2%,

II A5 B HE R (Form. Stipa purpurea) . IRPEFN AR MK (Poa crymophila) , PEAEFR Ny . 5 il EE 5
2F ¥ (Artemisia demissa) , Vg =B 5 ( Trisetum tibeticum) 55 . FBAPAGAESRM , 4K 4591—4702 m, BN
0—8°, IS AN B I A o0 A, B3 2 52 0 14.29%—40% .

I . 7 55 5 2R (Form. Carex mooreroftii ) o WA Fl— A 85 111345 55, FF /£ Ay . #0R T 5 (Arenaria
pulvinata) , R JAE S ( Saussurea graminea) , [FIFEZE ( Polygonum macrophyllum) , V4 ji& & & ( Kobresia tibetica )
S R ITATIEER), ST SR A SR o3 A, A TR 5103—5368 m, U 0—20° 1 A5
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Berap kA o A T AR, BEVE SR EERCR O 41.4%—88%

IV . 552 B + 6 B 48— P & L HE &R (Form. Rhododendron nivale +Sibiraea laevigata—Kobresia tibetica)
ML AL/ NBE ( Berberis hemsleyana) |JFIFESEAE | BUFPRE REBREFAE L G5 2 PEAFICh /Nt 4 B A
( Potentilla parvifolia) , 755 %8%5 (Aster himalaicus) 55, HEYEFE AR 4726—5147 m, EZA7 F ISR,
WHE D 0—20°, IR 68.7%—90%

V. @ L FHE R (Form. Kobresia pygmaea) . BCFPREVE IR T L R MRS B B —Fh, A ya AR, 4%
TSI A A, FESTENFR 4296—5023 m i [ BRI 21 BH3E LA ST b b 3 B i el 0—25°, HFvk o5
FEARZEBR B  37%—97%,

VI /N4 @ M3 B &R (Form. Potentilla parvifolia)) . AT $ )2 B9 M Sk & 15 5 R 5 K Mg ( Potentilla
parvifolia) 55 , LA R . AR ( Elymus nutans) , E M KB ( Rheum palmatum ) 55, B4 1R PR
S TR 4245—5020 m, B3 BRSEL KAF A oA BRETE R 0—36° , BEVR 523 0 50%—84%

VI A M+ AR R AR 2R (Form. Salix sclerophylla+Salix cupularis) . YRALFN R T 2 & RIFEZE gnf28
PEA: Rl . A3 E (Astragalus arnoldii) | 155 LU FEFA B ( Thalictrum alpinum ) 5, 5345 Y0 Bl 48 R B 28 | i3k 90
4431—4744 m, FEIMATAE B, 18 I~ B30 B BHE, B8 0—40°, BV 3R 72%—95%

VI, 7K # 7 + HE AL 45 2k 45— 1L & 5 BE & ( Form. Cotoneaster multiflorus + Spiraea arcuate—Kobresia
pygmaea) , AR R kgl ( Leontopodium leontopodioides ) 2 PRA R N 4 R , L 1 = ( Pedicularis
verticillata) 55 o 3 A7 Y0 FRIRCHE , TERLB= ) b ilfe ST e i S5 AT M 340 70 A o o304 09 AR B S RO B 78 TR
Fil 4078—4676 m, 7347 ¥ fe =i VK 4980 m; EZEA T RS BAE , 2 W T P-4, B 0—28°, HHEAIR AR
U BRI S R Ik 79%—90%

X .48 B3 —% S + & (Form. Rosa sericeca—Artemisia Jrigida+Pennisetum centrasiaticum) , P A Fib
HPIGENEE Bl ( Sabina procumbens) , FRRREAIN =5 LLER XYL, ETFEZ2 55 2% ( Potentilla saundersiana ) %, 1£H
BB RV SR A YA A3 A o 0 A AR TR AR 3922—4311 m X sk, B3 AN BH B 3545 20 A, 8 7—32° , kEHiL
TR 43%—90%

X KR A —E AR B 0 5L HE 2R (Form. Sabina tibetica—Elymus nutans) . FHA % 48 B R H 240H ik
e WOATLE R A S ( Taraxacum mongolicum) % . /37 T — 5 B2 10 €6 S5 MEAG VR , 2 06 00 4142—
4540 m, FHIE, BN 18—26° , BEVE Fi L 55%—66% . IERER A RALEH, AR BE 10%—40% ; HEARG G , 555
5%—16%,

XTI . Gl Hi A — 7 52 5 + 5 SR SE BRI & (Form. Sabina procumbens—Ligularia rumicifolia+ Urtica hyperborea)
P T b 55 SR B 2 ( Potentilla pamiroalaica) , B G548 44 , D345 5 ( Carex microglochin) , P /NEESE o I
TR IUBUD G343 THEA 4400 m 1 BHIE RS 388 10—220 1A 058 ., P393 8 72%

XII; fige a1 B+ DA AEE &R (Form. Buddleja lindleyana+Sophora moorcrofiiana) . IRAGFI M EALE 5% 4
MBI LA ( Cynoglossum amabile) | BAFEI JE ¥ ( Eragrostis nigra) , 7 1 B 15 ( Medicago archiducis—nicolai) &
Vb8 (Artemisia wellbyi) 55, MR F 2340 T 2247 M, AE S5 3700—4700 m, B3 AN BRI YA 4345, 5 FE
17%—95% .

12 VAR R g Il O R T IR 2 HORE ML, o R A A R 1 31.89% 5 DU BCES RERE AR o L 8%
HMAERRER G 11.4%, FR=FEERIA G T SR —F L b, Si0h, DURERE A SRR Y
RER , QAE A0+ BRI E 2R KA T+ A A —m IS R R A%+ H R R R 26
J& T2 B TEA ST 73 2 h I AT AR B 1 S R, SEAS TC BRI 7% DRI TE i 44 1 >R TSR ORI S
EEN A
3.2 REEHERK R 5B T Z E B K &R

CCA J&—FiHe T B AL 1) Z2 T 73 0 7 v, AT ZE W R o AT A5 G e e 2R 8 . S B2 JE PR X i
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FISZ MR EA T < B4R S0 M L2 AR IK 7RO s 78 — 4R8citm Broid 2, 7EERT CCA HERP RIS, AT LA
FHSERER ¥ B #4555 ( Monte Carlo permutation test) X PR35 K 5 ¥R 43 A AHOC Y 0 25 R EA TR 30 . 284 999
UCEARIAIR , FE (significance) i 0.001, BB AT LAFESZ 8 ASERIGE I X W0 h o3 A1 ) i B i, (IR 8 N 3F
ST 255 0 A B A 2R X T B PRI DR X 0o 7 A 2 W) 1) S 25 M ] DL ER IS 28 B O T A 1 LR 1
ARRI TR AR T | R R RIAT R G R R W e A S 2 ( Pro< 0.05) |, 3R RIS ) o T R DXAE
AR ( Pro> 0.05) o SB—HEP AR T 0Imh r A ARG 4.8% , & R B T 288 | 3 B AP 443t
AAEAL . 28 HEY I R B RO T ARSI ARSI R R AR LA, B b i 8 AR
S5 R X b 23 A1 52 R AR S B9 S 2P 20 A, AH 25 T 0 BRIE IR R AT 1) BT S ( Forward selection) , 23BR 70
SEAE R HHE Rl S BT FE AR CCA J7 i« S IB R0 iy =

x1 FETEFUEFHFHBXSR

Table 1 The summary of forward selection and correlation analysis of ordination axis

WK f il Liiip) YeiE R E ARSCHE M B Pr
Environmental factor Axis 1 Axis 2 Coefficient of determination Significance of correlation
T Altitude 0.05015 0.99874 0.6342 0.001

4 Latitude 0.33242 0.94313 0.5050 0.001

Z5% Longitude 0.71673 0.69735 0.1036 0.009
AEJIRE Annual average temperature 0.42452 0.90542 0.7012 0.001
SEYYFATN R Annual average precipitation 0.01697 0.99986 0.0844 0.028

B Slope — — — 0.601

i) Aspect — — — 0.838

TG Coverage 0.63214 0.77485 0.3012 0.001

B 2L R B 0 A M Sy 5 HAAEREE 2 (] 5 28 FE AR T 07 S 4 B R ) ), %oF 88 /Mt 14
6 N EZMIRELN T BEATHER AR LI 3, CCA HEFe P T LU TEULAY S R R G A 1 AR B9 28 DA S 48 3R 558 1A
TEHHPRIOC R o HEPRRAEAR S e 0 52 AR W A P il £ 35 ) B2 e b 0 A 5 B R/, A2 6 1>
J¥ A B RFIEAR 73551 04 :0.6296 ,0.4969 ,0.3532,0.3119 ,0.2247 0. 1483, 24 HUEHE I il Xf 4y b A 22 1k 14 ik B
4 20.43% . TPEAHEF SRR AEAR Z R EARAEAR (1 42.54% , MR 48 HE P SRR AEAE I /N, FRATIE T HRRIEAR
BRI AP BB 5, 18] 3 H i Sk R BRI 1, i Sk e 2 A AU MM BRI I 7~ S 05
XTRAHSCAR B B ARG T T FE 0 R 0 AR RBOR . # Sk e 45 HE i Je f Ax s (e R 5 4
FPRBIARSCPER /N, 7 CCA Z3 e, A4S LM il T G 47 9 R AL AR A B 15 BV RRAE AR 1) L B2 s 44 i
PrRefi R Jr 2 AR AL i

4 S5t

22 TWINSPAN 4325 F7 g i 5k 32875 km 3 Bl PN 88 Hebb Ao 0140 Jy 12 A EERER BRI RI -4 3k 3 +
FEM PR R B PR M IR, T2 AR+ B P —POHGS R SIS R N 4
FEAHER AR IR 2R, KM P+ MR S A — IS R R A B S + R, KRB
FA—IEAE DL O R R MDA —OSE T+ i R SRR R IR+ R AR R . CCA HEF 45 R W, Pl i
BRSO3 A E R R AR R R R

AW ST I GG RAE— B R b S T AR B S5 B AR AL 3 S B T R S B 2 (B A EMRIVE R . (R
TG X S5k A SR MR IR A SR A, o 2R T AP e R IR O A R 2880 R SR A — IR R P A 3R, H o2
P25 R R e HE P v RO IR B e i RIS (B HEVR 2R A ) T, S et i R BN R A TR A
AN, R 28 A 2S TR] [ Fe AN R LEE  —SeE s PR [ AR PR A AR TS 1 0 i T AR R B BE R | AT fiE S5 i B
PN B 2% (1) L S5 A T I JS )/ INSAA 6, BB IT Je SalE MELBE o Lees , ELVE R 2 1 W Fp = 8 AR, Wb
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3F EHNR

#h2 Axis 2

#1 Axis 1

B3 #%# CCAHRF
Fig.3 CCA analysis for all species in the plots
MAP . 4E -2 [ /K Annual average precipitation; Coverage ; BF 7% w5 B ; X 45 i Latitude; Y: 22 B Longitude; MAT; 4E ¥ {8 ¥ Annual average
temperature ; Altitude ; &

RV AERER RO b SR T 20 R IR S 1 L B it e AR e T B R A AR R R
A

WIS DXt A 7 o L, BT AR R B B SR A L E | T B A 228 32 1) 72 1 e S RO TR | 2R 7K 3 1 ik
D R, BT LAA R MR TE DXRET 2 A1 B 2 LN B R AR A o 8K, SR AL AR 9 2 A s Sy 1) 2 B3R I5G
PIRAEA A 23 18] RUEE FJRARRI 2 RIS AEBAFA TN BT (I8 2 20 0 HIE | 13 (1 25
A B B DA BOR RS b MRV TR0 A 1) 5 5 5 TN 7O A A 1 CORIRGR AR ) s 7o S 0L
JUEE b AR PR BREE A 1 (MU | L3R 5055) 1 B BRI A A kS Jm 270 S IR v i i) I ey JE
JE (AR VR B2 WK 2R B (S ), OO IRLEE ™) AT (R BF S0 205 SR AR L, AS B DX 40 A 2 22
TR FSE VR 28 A0 5 5 ), IR 2 i Tk DR A 2] 300 5 R R 6 2% 8 LA A 3 1 47 5 48 R
Fofth— e 5 AT S SEBEA — B2 O R AR SN R DX S B 5 ) 7 R (5T R
TRV W o 2EL SR A4S S 1) 2 BRGNS U 4R R 16, T AS IR ST 45 R e B ) (B2 PR ) o e o A1 78
SRR L Xl BEJE RO BFTE RS RABESE R B AN RIS, AR B 7 T, S SCIE B R A v o A A
R B PRIE DR X JHE I oA 7 S AR AR R A, R BRI I MR R 5 79.5% , SEPR b BAR B BRI i
REBELERETE 3T A8 A 8 UL Ti) A7 T8RRI /N RUBE A 9 X0 33 = 2 52 ol 8 4 7 SR 19 A< A
Febr s ] RUEERAR , AR BRI S A PRIE R i1 ( 3 AL I b3 9 REVE T2 TH0) ) RE VR 5 1B 1 B
HLIERR | LK P85 DRI 14 2 i) RUBE 5 706 7 F) BRAS D TR 4545 [ PR 3R 06

BEAh, TSI MRBON B 2% AR B AR 22 S ok . SRV R Mk G T 2 LR JEU) R
FEN TR BAT DR AR, (EL i 2 (A (E 5 v A R A AR BRI JEE T BEAN S, INAEAR SO 1Y
ek K e 52 3 S st /NS AR RE IR SR, AT RE R MR RS AR v A 4 Jas B A R, R RESE A B A 78 S B R, AR AR
AP BRI T8 A RV S (1) 43 BT P8 i DL (ELAE LU B v 7 > i L E R

Zi b R SCR I TWINSPAN 23284545 CCA HERF BT ST T3 1, 0 37 5% T Jg de e e 1) 500k 20 BT MR T 35
AP REER I E R T R AR YR A SIS N TR LG R o T ] R ) 4 e]
FFEERI T, LSRG B R B P i 5 S B M0
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PR R R A 2 O SR DR SRR Bl HRS e R0 10 T S50 P i R A 2RO 8, e 7%
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